A 16-year time series of data from spring groundfish surveys was analyzed to identify, describe, and map six broad zoogeographic areas on the Grand Bank of Newfoundland, each characterized by a relatively homogeneous and persistent biological composition (a fish assemblage). The boundaries of these areas were strongly aligned with bottom depth and oceanographic features, confirming previous evidence from worldwide studies on the major determinants of the distribution of groundfish on continental shelves. Consideration of their overall biological coherence allowed a merging and reformulation of the original six assemblage areas into four coherent zoogeographic regions. Analysis of catch rates in the two major regions so defined suggested that species composition was relatively stable over time. Whether the Grand Bank assemblages correspond to groups of functionally-linked fishes remains an open question of considerable practical and theoretical interest. The definition of areas where species broadly recur and overlap provides a useful spatial scale for studies at the community level on the Grand Bank and has implications for multispecies management.
Introduction
A major goal in fisheries ecology studies is to understand changes in fish populations induced by natural phenomena and by man's exploitation. Fisheries biologists have developed a large body of literature on how to mathematically model these changes on a single-species basis (Megrey and Wespestad, 1988) but, because fisheries ecosystems are complex, growing international concern has called for alternative multispecies management (Mercer, 1982; May, 1984; Mahon, 1985) based on a better understanding of marine communities as a whole. The quest to understand a complex system is a search for pattern and for the reduction of complexity to a number of easily comprehensible rules. However, as aquatic ecologists have long recognized (Powell, 1989) , pattern is largely dependent on scale and can be found at any level of investigation (O'Neill et al., 1986) . More than just a conceptual framework, considerations of scale are increasingly important in ecology (O'Neill, 1989; Auster, 1988) and the questions that they raise should be dealt with at the outset of any community study (Underwood, 1986) .
We propose that a reasonable initial approach to the definition of spatial scale appropriate for multispecies fisheries studies is to identify broad geographic areas that are characterized by a relatively homogeneous (constant in space) and persistent (constant in time) biological composition. Such areas are referred to as "fish assemblage areas" (Tyler et al., 1982; Overholtz, MS 1983; Mahon et al., 1984) and are defined "solely on the basis of [species'] geographic distribution" (Tyler et al., 1982) . Fish assemblage areas are appropriate geographic compartments for modelling and/or management purposes. Attention can be directed to investigate biological variability and organizational structure within each area, as well as interactions between areas.
Our study was intended to identify, describe, and map broad groundfish assemblage areas on the Grand Bank of Newfoundland (NAFO Div. 3LNO). We have used a statistical analysis of co-occurrence of species in the catches of groundfish surveys and then assessed the biological validity of the areas so generated from considerations of stock discrimination. We suggest that the resulting zoo-cluded in the analysis if their biomass comprised at least 0.1% of the total catch in a given spring. The number of species varied between 29 and 34; Table  1 shows the 30 species most commonly encountered. The data were log-transformed before conducting the analysis. The transformation was not aimed at achieving multivariate normalization, but rather to correct for the exponential nature of differences in species abundance (Gauch, 1982) .
Cluster analysis was applied to identify groups of species that tended to occur together year after y e a r . T h e B r a y -C u r t i s i n d e x ( C l i f f o r d a n d Stephenson, 1975 ) was used to measure dissimilarity between each pair of stations. This index ranges from zero (identical stations) to unity (dissimilar stations), and in addition to performing well in measuring overlap in simple simulated situations (Bloom, 1981) , the coefficient has appealing properties in the fisheries context, especially regarding its sensitivity to abundant species (Gabriel, MS 1983; Sinclair, 1985; Gomes, MS 1987 , MS 1991 . Observations (fishing stations) were clustered by two agglomerative polythetic methods: Group Average (Clifford and Stephenson, 1975 ) and Ward's Minimizing Error Sum of Squares (Ward, 1963) . Even geographic understanding of the Grand Bank defines a useful spatial scale for multispecies studies on the Bank, but still acknowledge that little is known about the extent to which populations interact within such areas.
Materials and Methods
Stratified-random groundfish spring surveys have been conducted in NAFO Div. 3LNO off Newfoundland since 1971. The research vessel A.T. Cameron conducted the surveys until 1984, at which time it was replaced by the Wilfred Templeman. Tows were for 30 min. at 2.5 knots. Stratification was by latitude, longitude and depth. Sets were allocated to strata according to area, with all strata containing at least two sets. Bottom temperatures were recorded on each set. Temperatures differed from year to year as well as from site to site, but generally were in the range of -1.5°to +9°C. Biological data from the annual surveys were analyzed for each of 16 spring seasons using standard classificatory techniques. For each spring a two-way data matrix (stations x species) was built, whose entries ij were the catch in weight of species j at fishing station i. Species were in -TABLE 1. List of common and scientific names of species used in the analysis and referred to in the text.
picture of the Grand Bank in regard to the groundfish fauna. The main results are summarized below; for year-by-year results see Gomes (MS 1991) .
Four major clusters of stations recurrently appeared in the dendrograms computed for each spring of the 16-year time-series. Each cluster was closely associated with bottom topography (Fig.  1) (Fig. 2 ).
Each zoogeographic area had a characteristic composition of groundfish species, i.e. a fish assemblage, that recurrently co-occurred therein (Table 2) . Although each assemblage underwent quantitative changes in species abundances, their taxonomic composition was remarkably constant over the 17-year period covered by the study. A more detailed description of each group follows:
Shallow Group
The Shallow Group occupied a major shallow area on the southeast Grand Bank. The eastern, southern and western borders of the Shallow Group lay near the 90 m isobath, and extended to the Whale Bank in the west and met the Avalon Group to the north. Stations had depths ranging from 40 to 100 m, with average values around 70 m and standard deviations 12 m or less. Bottom temperatures were usually between -1° and +2°C. Four species dominated this group (Table 2) : yellowtail flounder, American plaice, cod and thorny skate. Three other species also recurred, but in much lower abundance: striped wolffish, sea raven and longhorn sculpin. Striped wolffish was usually restricted to samples taken south of 45°N latitude.
Avalon Group
The Avalon Group occupied the zone around the Virgin Rocks, most of the Avalon Channel, and the southern Downing Basin (Fig. 2) . Boundaries though Ward's method was originally developed for use with euclidian distances, there is considerable empirical and formal evidence suggesting that it performs well even with non-metric distances (Batagelj, 1988) such as with the Bray-Curtis index. These two clustering techniques had previously been successfully applied to groundfish data by Gomes (MS 1987) . All calculations were carried out using the CLUSTAN package (Wishart, 1982) .
Results were assessed for validity by four different methods: (1) mapping the clusters and checking for geographical continuity of stations belonging to the same cluster, (2) visual confirmation of cluster coherence in the two-way table yielded by TWINSPAN (see below), (3) using Jardine and Sibson's (1971) deltas (procedure COMPARE of CLUSTAN), and (4) analysis of randomly chosen matrices using the relocation procedure (procedure RELOCATE of CLUSTAN) and comparing the results with those previously found by Group Average and Ward's method. Convergence of the results of RELOCATE with those of Group Average and Ward's method was taken as good evidence that a global optimum had been found (Wishart, 1982) . Two-way tables generated by TWINSPAN (Hill, 1979) allowed the recognition of biological features of each of the main station groupings identified by cluster analysis. This method, a refined and computerized version of a polythetic divisive method based on an ordination technique ("Indicator Species Analysis", Hill et al., 1975) , gives results that fulfil requirements of non-exclusivity, i.e., an ubiquitous species can be associated with more than one cluster of stations unlike other interpretation techniques, for example nodal analysis (Lambert and Williams, 1962) . The biological features included not only actual differential species (species having a clear preference for a given cluster) but also the presence or absence of a very widespread species in a cluster and anomalies in cluster richness (number of species present). These features were used on a regular basis to classify stations laid off the main clusters or to ratify the classification of those ambiguous stations usually located on geographical boundaries of the areas occupied by the main station groups.
Results

Zoogeographic Groups
The geographical distribution of the most abundant groundfish species was consistently coincident within relatively well-defined areas year after year . The contours of these biologically homogeneous areas were drawn for each year to produce a general zoogeographic Table 2 ). The third characteristic species was the Arctic eelpout, commonly present although in very low amounts. The group was remarkably poor in number of species relative to other areas of the Bank. Stations of this group were distinguished from the Shallow Group to the south by the disappearance of two important species: thorny skate and yellowtail flounder. These two species were not usually found north of a line between Whale Bank and Virgin Rocks. Yellowtail flounder was often caught further north than was thorny skate, mainly in the Virgin Rocks area. The differential distribution of these two species suggested the existence of an intermittent narrow transition zone between the Avalon Group and the Shallow Group (indicated in Fig. 2 with a different hatching pattern) where typical dominant species were cod, American plaice and yellowtail flounder with eelpout in very low abundance. The Avalon Group was distinguished from the Intermediate Group by the absence of thorny skate and a lower species richness (Table 2) .
Intermediate Group
The Intermediate Group occupied a transition zone between the two shallow water groups (Shallow and Avalon) and the Deep Group (Fig. 2) . Three species dominated: American plaice, cod and thorny skate (Table 2 ). Other species, much lower in abundance though constant in their presence, provided a basis upon which to subdivide the Intermediate Group into a NE Intermediate Sub-Group and a SW Intermediate Sub-Group. NE Intermediate Sub-Group. The NE Intermediate Sub-Group occupied a vast area comprising the Downing Basin and much of the northeast Grand Bank (Fig. 2) . Its southwest limit extended to near Carson Canyon (Fig. 1) . Outer boundaries lay between the 200 m and 280 m isobaths on the slope. These boundaries were relatively variable in depth from one year to another, the exact placement dependent on the upper distribution limit of redfish, the dominant species in the NES Deep Sub-Group (see below). The shallower limits were near the 90 m isobath with average depths around 150 m and standard deviations close to 50 m. Bottom temperatures were between -1.2° and +2.3°C. This SubGroup included American plaice, cod and thorny skate (Table 2) . Other species usually present in relatively low abundance were Arctic eelpout, Greenland halibut and wolffishes (especially spotted wolffish). Arctic eelpout was usually the more abundant of these lesser species, with a distribution mainly to the north and northeast of Carson Canyon but also often found in the Hoyles and Kettle Canyon region.
SW Intermediate Sub-Group. The SW Intermediate Sub-Group occurred along a narrow strip on the continental slope to the south and west (Fig. 2) . Typical depths of stations were between 90 and 200 m, with the average around 110 m. In the Whale Bank area (Fig. 1) , some stations were shallower than 90 m. Difficulties arose for most years in determining the deeper boundary of this Sub-Group, not only due to yearly changes in the actual depth of the boundary but also because of imprecisions arising from the steep topography in the area. As with the previous Sub-Group, the position of the deeper boundary was set dependent on the upper limits of typical species in the Deep Group (see below). Throughout the year-by-year analysis, hakes and redfish from the W Deep Sub-Group appeared more prone to move above the 150-200 m depth zone in the southwest than in the north and east. The SW Intermediate Sub-Group was dominated by American plaice, thorny skate and cod (Table 2) . Species recurring in much smaller amounts were witch flounder and striped wolffish. Localized incursion by species from deeper waters, especially redfish and hakes, was a frequent phenomenon. The SW Intermediate Sub-Group included the Whale Bank and the Whale Deep to the west of the Grand Bank (Fig. 1) . The core of the Whale region seemed to be fairly constant in regard to the dominating presence of cod, thorny skate and American plaice. Most of the area, however, was prone to incursions by species typical of other assemblages. Stations to the north often resembled typical stations from samples deeper than 500 m precluded a full assessment of the outer limits of the Deep Group (expressed by a dashed line in Fig. 2 ). The Deep Group was dominated by redfish, but was also distinguished in being rich in species (Table 2) . Differences in the relative importance of species other than redfish led to a subdivision of the group into a NES Deep Sub-Group and a W Deep SubGroup.
NES Deep Sub-Group. This Sub-Group occurred along the northern, eastern and southern borders of the Grand Bank. Its boundary with the W Deep Sub-Group was in the Tail of the Bank region, lying in a relatively unstable position between Denys and Jukes Canyons ( Fig. 1 and 2) . The shallow limit of the NES Deep Sub-Group to the north and east of the Grand Bank ranged between 180 and 280 m from year to year. These variations were mostly caused by irregular incursions of redfish to shaldistribution all along the Avalon Channel. Yellowtail flounder, a typical representative of the Shallow Group, was often found to the south in the Whale region but shallower than 90 m. Lumpfish, the main distribution of which is further to the north on the St. Pierre and Green Banks, was also sometimes found in significant amounts on Whale Bank. One other species occasionally found in the Whale region, as well as the rest of the SW Intermediate Sub-Group, was witch flounder.
Deep Group
The Deep Group encircled the Grand Bank below 200 m (Fig. 2) . The upper depth limit was rather variable. Boundaries between the Deep and the Intermediate Group tended to become shallower to the south and west along the upper continental slope. To the west of the Grand Bank the boundary frequently lay shallower than 150 m. The absence of the Avalon Group in that they lacked thorny skate and/or included Arctic eelpout which had extended its lower waters. In some years a transition strip between the NES Deep Sub-Group and the NE Intermediate Sub-Group was identified, with redfish, Arctic eelpout, cod, thorny skate and American plaice being important species. To the southwest, the upper limit of the NES Deep Sub-Group became progressively more indeterminate, but it seemed to become somewhat shallower. Stations in the NES Sub-Group had average depths around 280 m and standard deviations around 50 m. Bottom temperatures were warmer than in most other groups, ranging from 0° to 4°C. Three species dominated the NES Deep Sub-Group by abundance and constant presence: redfish, cod and thorny skate ( Table 2) . Five other species and species-groups were found on a regular basis; in approximate rank order they were American plaice, wolffishes (striped, spotted and broadhead), Greenland halibut, witch flounder and roughhead grenadier. Vahl's eelpout was often present, although its abundance was always very low. Fish assemblages of the deeper waters in this area have been treated by Snelgrove and Haedrich (1985) .
W Deep Sub-Group. The W Deep Sub-Group occurred along the western slope of the Grand Bank. As mentioned, its boundary with the NES Deep Sub-Group lay between Jukes and Denys Canyons. The upper depth limit of this Sub-Group was as shallow as 100 m, somewhat shallower than the upper limit of the NES Deep Sub-Group. Variability in that limit was mostly due to occasional incursions by redfish and hakes to shallower waters. Average depth of stations was around 250 m and there were high annual standard deviations, ranging from 60 to 90 m. Bottom temperatures were mostly greater than 0°C and could reach 9°C, the highest temperature recorded at the bottom during the surveys analyzed. One species dominated the W Deep Sub-Group: redfish. Haddock (since 1983), Greenland halibut (since 1978), cod, white hake and thorny skate followed in importance ( Table 2) . The abundance of these species in relation to redfish was much lower than in the NES Deep SubGroup. Other species usually present in low abundance were American plaice, other hakes (silver and longfin) and argentine. Angler and marlin-spike were commonly present though in very low abundance.
Oceanographic Framework
Ocean circulation on the Grand Bank is dominated by the southward-flowing cold Labrador Current (Smith et al., 1937; Lazier, 1982; Petrie and Anderson, 1983) . To the south of the Bank, the warm North Atlantic Current flows offshore toward the east. Most of the volume transport of the Labrador Current occurs in a high velocity offshore core (temperature 3 to 4°C, salinity around 34.9‰) over the 600-800 m isobath on the slope off Labrador. An inshore portion of the Current contains the greatest volume of cold water (temperature -1° to +2°C, salinity 32.5 to 33.5‰) and flows over the Labrador shelf or upper slope. Approaching the northern Grand Bank, the Labrador Current splits into three main branches: an inshore shelf stream through the Avalon Channel, a main branch along the eastern edge of the Bank and a third eastern component towards and around Flemish Cap (Fig. 1) . There was a close relationship between the major physical oceanographic features of the Grand Bank and the distribution of the groundfish assemblages we have identified (Fig. 2) .
The Avalon Group, with its low species diversity, was basically under the influence of the inshore branch of the Labrador Current. This branch is the coldest and least saline, probably accounting for the biological characteristics observed. Species richness in the Avalon Group was low and all the three dominant species (cod, American plaice and Arctic eelpout) tolerate very cold water (<0°C).
The NE Intermediate Sub-Group could be called the 'Labrador Current main branch group', because the geographic areas covered by both roughly coincide. The main branch of the Labrador Current is generally confined between 50 and 200 m along the eastern edge of the Bank. This branch contains waters of the two different types present in the entire Labrador Current, and it bounds and interacts with the shelf water on the northern and eastern parts of the Bank. Bottom temperatures in the NE Intermediate area are usually higher and in a broader range than in the Avalon area. Thorny skate, less tolerant of negative temperatures than cod and American plaice, was absent in the Avalon Assemblage but present in the NE Intermediate region.
The NES Deep Sub-Group, basically characterized by the presence of redfish, apparently occurred underneath the position of the Labrador Current main branch where bottom temperatures are usually low but positive. Annual variability in the position of the upper limit of this Sub-Group, interpreted as shallow intrusions of redfish, may have depended on the depth of the Labrador Current main branch.
Warm waters of the North Atlantic Current sometimes penetrate the southern and southwestern parts of the Grand Bank. This penetration does not have the same magnitude every year and is spatially heterogeneous in relation to the bottom topography. A mixed water mass forms over the western, southern and southeastern slopes of the Bank from Atlantic water, the cold water from the Labrador Current, and, particularly over the western slope, sible for a part of the overlap between assemblages, further investigation is required to judge how coherent and natural are the assemblages yielded by the multivariate analysis. One might end up fusing areas belonging to initially separated assemblages if they share populations comprising an important proportion of the total biomass. A brief literature review was carried out for the dominant groundfish species in order to confront the assemblages we identified with the biological information on their populations. The results follow:
Atlantic cod. Based on analysis of meristics, tag data, growth rate, parasite loads and allele frequencies (Templeman, 1962 (Templeman, , 1974 Lear, MS 1985 , MS 1986 ) there seemed to be no support for keeping the Avalon Assemblage distinct from the point of view of this species. In keeping with current practice it will be assumed that this assemblage had more affinities with the NE Intermediate Group (NAFO Div. 3L) than with the Shallow Assemblage.
Yellowtail flounder. The Shallow Assemblage encompassed the bulk of the yellowtail flounder distribution on the Grand Bank. This species is found in all shallow waters of NAFO Div. 3LNO, although the majority of the commercial catch comes from Div. 3N (Brodie and Walsh, MS 1988) . It is also found in small amounts on St. Pierre Bank and in inshore areas around the Avalon Peninsula (Pitt, 1970) . Yellowtail flounder is a shallow water species with relatively restricted movements (Lux, 1963; . Stock delimitation within the Shallow Assemblage area, if any, is not known. Yellowtail flounder has been managed as a single stock on the Grand Bank and there seems to be no good reason to join the Shallow Assemblage with any other assemblage based on this species.
American plaice. American plaice has also been managed as a single stock on the Grand Bank. Its distribution is fairly wide (Walsh and Brodie, MS 1988) , ranging from deep water concentrations (520 m) in the northern part of our NES Deep Assemblage to a juvenile nursery in shallow waters of the Tail of the Bank. Majority of the biomass, as described by Walsh and Brodie (MS 1987) , was in the ShallowIntermediate waters (55-180 m). They appear to move very little once the young settle and little intermingling is expected among adults. The strongest suggestion for merging assemblages from the point of view of this species is between the Shallow and NE Intermediate Assemblages, but evidence was not considered strong enough to take this action.
Redfish. There are three redfish species on the Grand Bank, the abundant beaked redfishes (Sebastes mentella and Sebastes fasciatus) and the freshwater run-off from the St. Lawrence River (Forrester and Benoit, 1981) . The SW Intermediate Sub-Group was under the influence of this mixed water, with very heterogeneous characteristics around the Bank. Bottom temperatures in the area occupied by this assemblage occurred over a broad (-1.5° to +9°C) range.
The W Deep Sub-Group was clearly under the influence of warm slope water. Bottom temperatures in the W Deep area were seldom negative with positive values as high as 11°C and average values between 3° and 8°C. The number of species present in hauls in this Sub-Group were among the highest recorded in spite of the fact that total biomass was strongly dominated by a single species, redfish. Other species usually found only there, with temperature range preferences suggested by Scott and Scott (1988) were common angler (6° to 10°C), pollock (7° to 15°C), marlin-spike (3° to 4°C), Atlantic argentine (7° to10°C), haddock (1° to 13°C), spiny dogfish (3° to 15°C), silver hake (6° to 8°C), longfin hake (3.5° to 6.5°C) and white hake (5° to 11°C).
Shelf water on the central Grand Bank, the area of the Shallow Group, is a mixture of Labrador Current water and slope water, but there are modifications due to local seasonal heating. There is little detailed information available on water circulation in the area. Conflicting evidence exists concerning the presence of a gyre on the central part of the Grand Bank which could be responsible for an apparent retention of water there (Smith et al., 1937; Buzdalin and Elizarov, 1962; Forrester and Benoit, 1981) .
The Biological Coherence of Assemblages
Multivariate techniques are useful tools for taking a first exploratory step towards defining faunal assemblages. The next step is to identify those that are biologically coherent. A biologically coherent assemblage is one in which the components (fish populations in our case) are totally enclosed within it, as opposed to, for example, an assemblage whose area encompasses only an ontogenic phase of a given population with the other ontogenic phases in areas of other contiguous assemblages. A coherent assemblage is most easily recognized when its species are exclusive to that assemblage. Yellowtail flounder, for example, seemed exclusive to the Shallow Assemblage. Regardless of whether it was composed of one or several populations, the Shallow Assemblage was coherent with respect to yellowtail flounder. The same was not true with regard to cod, a species that was important in all assemblages identified.
Where ubiquitous recurrent species are respon-the more sporadic golden redfish (Sebastes marinus). Ni (MS 1981a , MS 1981b presented evidence that S. fasciatus was dominant in the shallower range and S. mentella was dominant in the deeper parts. Sampling stations during the surveys analyzed in our work seldom went deeper than 500 m and in most cases were shallower than 400 m. The redfish in the Deep Assemblage was therefore assumed to be mostly S. fasciatus. We also followed the usual NAFO practice of separating redfish in Div. 3O from Div. 3LN.
Merging Assemblages
There is evidence that some of the groundfish populations which make up an important percentage of the biomass in the Grand Bank assemblages extend their geographic distribution over more than one assemblage. This underlines the need for reformulating the initial assemblages if a biologically acceptable spatial scale for studies at the community level is intended.
The Deep Assemblage was dominated by beaked redfish, deep-water species caught in very small amounts in all of the Intermediate area. Cod in the NES Deep Sub-Group area may have belonged to the northern complex while in the W Deep Sub-Group cod biomass was relatively low. Cod did not seem to offer any good reason for merging any Deep and Intermediate groups. The same was true for American plaice. The Deep Sub-Groups were therefore kept separate.
The Avalon and NE Intermediate Sub-Groups were merged into a Northeastern Region (or Northeastern Grand Bank). The Shallow and SW Intermediate Sub-Group were merged into a Southern Region (or Southern Grand Bank). These decisions were made in keeping with current evidence and practice regarding the structure of the cod stocks, with those taken south of 46°N latitude being associated with the Div. 3NO stock, and others, particularly those from the northern Grand Bank and Avalon Channel, treated separately. There are therefore four broad areas with relative biological homogeneity on the Bank in regard to groundfish: NES Deep, W Deep, Northeastern Region and Southern Region. Having reached this conclusion regarding coherence, trends in biomass and species composition over time were then considered for the Northeastern and Southern Regions, as well as for the entire Grand Bank.
Catch Trends in the Grand Bank Fish Assemblages
Hereafter, the focus is on the two larger zoogeographic regions on the Bank proper, the Northeastern and Southern Regions, mainly because knowledge of the outer limits of the Deep Region (dashed lines in Fig. 2 ) was seriously constrained by sampling limitations. CPUE (kg/tow) from the groundfish surveys were used as an index of biomass abundance for the Southern and Northeastern Regions, and for the entire Grand Bank. Species composition of the catch was used to construct cumulative percentage graphs (Figs. 3, 4, 5) .
Southern Region
Cod, American plaice, yellowtail flounder and thorny skate dominated the biomass of demersal catches in this assemblage (Fig. 3) , which extended over almost all of the shallow Bank. The index of total abundance fluctuated around 150 kg/tow since 1973 but rose to over 200 kg/tow after 1984. This peak followed a rising trend in the biomass of cod.
Northeastern Region
The broad area comprised by this assemblage was dominated by only two species -American plaice and cod (Fig. 4) . Total CPUE has been stable at over 150 kg/tow since 1976, but there has been a shift in relative abundance of cod and American plaice in the catches since 1982. An increase in the catch rates for cod since 1982 was matched by a decrease in American plaice.
Entire Grand Bank
The biomass of demersal groundfish catches on the Grand Bank during the time period analyzed was dominated by a small number of species (Fig.  5) . The index of total abundance has fluctuated around 200 kg/tow with relatively higher values since 1984. This high was apparently due to an increasing trend in the catch rate of cod observed in all assemblages except the deep ones (Gomes, MS 1991) . Other species, like yellowtail flounder or American plaice, remained relatively stable or, like redfish, did not exhibit any pronounced trends.
Discussion
Assemblage validity
Classificatory analysis of 16 years of spring groundfish survey data indicated a high degree of spatial consistency in the clustering pattern of stations and in the species that characterize each cluster. The Grand Bank could be divided into six areas defined on the basis of groundfish assemblages. These were mapped (Fig. 2) , described, and reformulated for biological coherence. The assemblages maintained their species composition over the time period analyzed, and year after year retained the major attributes of their spatial configuration (Gomes et al., 1989; Gomes, MS 1991) . It is emphasized, however, that the assemblage areas defined are primarily representative of species that are vulnerable to the demersal trawl surveys in spring. This includes some of the most abundant and commercially important species on the Bank. There are common methodological problems involved in this type of analysis Gabriel and Murawski, 1985) which we will briefly address.
The intrinsic variance of fish samples may result in the misallocation of stations by the clustering procedure selected. We sought to overcome this by using a reallocation procedure, mapping the clusters, and by checking the agglomeratively built dendrograms against a divisive, and more robust, method. Even so, one cannot preclude misclassifications. Stations occurring near assemblage boundaries on the steep continental slope at the edge of the Bank are particularly prone to this. It was nevertheless reassuring to find that there seemed to be some uniformity in major physical oceanographic variables within each area identified. The unusually long time-period covered, 17 years, was also a valuable guarantee of the validity of these assemblage areas. If two species co-occur in a given area only during a short period of time, say 1 or 2 years, there is usually little sense in including them in the same assemblage. Persistence, that is the ability of an assemblage to maintain its species composition over time, is an important requirement for assemblage validity.
Worldwide studies of marine demersal fish assemblages have shown that the main biogeographic contours on continental shelves and slopes are strongly aligned with depth (Fager and Longhurst, 1968; Haedrich and Krefft, 1978; Overholtz, MS 1983; Gabriel, MS 1983; Colvocoresses and Musick, 1984; Mahon et al., 1984; Gomes, MS 1987) . A variety of physical factors such as light level, pressure, water mass characteristics and sediment properties are also associated with depth change. Local influences of some of these factors have been suggested to be responsible for a variety of deviations from a simple depth-aligned biogeography. Nevertheless, it has usually been possible to recognize, without much trouble, a characteristic group of species that dominates the shallow portion of the continental shelf within a restricted depth range. Easily recognizable also is a group of deep dwellers dominating portions of the continental slope, a group which tends to have a much broader depth range than the shallow shelf group. Intermediate groups between these two extremes have been identified, but are usually more difficult to characterize. They are sometimes no more than a mix of species from the shallow and deep groups with no abundant or distinctive species of their own.
The fish assemblages we identified on the Grand Bank (Fig. 2) fit well into this general picture. The assemblage contours were strongly aligned with depth and the general oceanographic circulation of the area. Yellowtail flounder and redfish were the typical abundant representatives from the shallow and deep areas respectively, while cod, American plaice and thorny skate were abundant and widespread enough over the whole area to raise problems when attempting to compartmentalize the Bank.
Spatial scale
Multivariate methods require decisions about the scale of approach to spatially aggregated data. In the case of cluster analysis, this translates into decisions about the dendrogram level at which the clusters are defined. In our attempt to identify biologically coherent assemblages, we first approached the entire Grand Bank at medium-high levels of hierarchical clustering, and then merged areas according to strong biological constraints, namely stock delimitation of the most abundant species. We suggest that the four zoogeographic areas identified (NES Deep, W Deep, Northeastern, Southern) define a useful and realistic spatial scale for multispecies studies involving abundant species on the Grand Bank. Given the mobility of most pelagic species and their apparent widespread distribution on the Bank, it seems unlikely that biological coherence will be preserved with further horizontal subdivisions. Gomes (MS 1991) , however, from a literature review of feeding interactions on the Grand Bank, has suggested a possible additional "vertical" subdivision into pelagic and benthic groups within the Northeastern and the Southern Regions.
Interactions within assemblages
The pragmatic way of grouping species that we have used, based on coincidence of geographic distributions, does not necessarily imply significant interactions among the species of each assemblage. Multivariate techniques in and of themselves bring little insight to the question of the influence of abiotic factors versus species interactions in determining the observed distribution patterns. The autecological view (McIntosh, 1985) that has dominated fisheries biology (Rigler, 1982) may question the value of our zoogeographic regions for multispecies studies except, perhaps, for very widespread species. There is, however, a complex network of trophic interactions within the Northeastern and Southern Regions (Fig. 6 ) that involve the most abundant species and suggest the possibility of a synecological approach to the Grand Bank community. The extent to which populations influence each other's growth rates as a consequence of these interactions is, however, by no means clear, and there is a considerable degree of uncertainty when one attempts to build multispecific models for each zoogeographic region with predictive goals in mind (Gomes, MS 1991; Gomes and Haedrich, 1992) .
Regardless of the actual balance between biotic and abiotic factors in determining the observed Fig. 2 , the simple definition of relatively homogeneous areas in terms of species composition has relevance to multispecies management . Mixed catches within the area of a given assemblage offer a certain redundancy in terms of species composition and relative abundances. Such information can be of value in dealing with by-catch and providing general guidelines for overall rational planning and management.
